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Introduction
Since the evidence of May (1974, 1976) , and May & Oster (1976) that simple non-linear discrete models of population biology could show a wide spectrum of complex behaviour, ecologists have had another alternative when trying to understand the nature of complexity in natural systems. Such difference equations are able to generate a complex, aperiodic and randomlike motion (known as deterministic chaos) in spite of being totally deterministic. The next question was: are the erratic fluctuations observed in nature due to noise or is there a deterministic density-dependent mechanism underlying the dynamics? The attempt to answer this question was the classic paper by Hassell, Lawton & May (1976). The authors collected lifetable data from 28 insect populations with nonoverlapped generations, fitting such data to a simple single-species discrete model. They estimated the parameter values associated with each field and laboratory population and concluded that most of the studied data showed steady state, with only one example of limit cycle or periodic motion and one corresponding to chaos, i.e. the Nicholson blowflies.
The great influence of this paper meant that, as pointed out by Pimm (1991) , most field ecologists thought of deterministic chaos as a mathematical possibility not realized by the real world. Other studies using the same kind of approach have reinforced the point of view according to which the 'normal' dynamical behaviour found in laboratory drosophilid species is the stable one and concluding that limit cycles and chaos may be maladaptative. These studies have proposed group selection for stability (Thomas, Pomeranz & Gilpin 1980) Thus, it seems reasonable to believe that many of the field ecologists have pushed away chaos too early. Due to the great influence noted above of the paper by Hassell, Lawton & May (1976) in this rejection, it is necessary to reconsider some aspects of that work.
As already pointed out by Hassell, Lawton & May (1976), their conclusions should be considered with caution because they are based on a single-species model excluding interaction terms with other populations or dispersal patterns. As they recognize, there is at least a case in which the model does not correctly describe the dynamics shown by the population. The moth Zeiraphera diniana appears in their analysis as a monotonically stable population, although it is well known that it shows regular oscillations with a welldefined period of eight generations. There are, in fact, a large number of problems in characterizing the kind of dynamics of a population by fitting simple discrete models to the census data. As pointed out by Morris (1990) , the parameter estimation depends largely on the estimation procedure and the particular model used, leading to different conclusions about the same population. Morris (1990) concludes that 'given these limitations, inferences about the presence or absence of chaos in natural insect populations that rely on simple best-fit models are premature'.
The bulk of this paper deals with the analysis of the changes in the dynamical properties of discrete models when spatial degrees of freedom are introduced and how the size of the spatial domain and the dispersion rates modify the stability boundaries, and so inferences about the kind of dynamics shown by a given population when fitting the data to a simple model. 
Results
We have studied the Hassell CML (6) for different parameter combinations. It has been demonstrated that even for values that correspond to a steady state in the corresponding map (1), enlarging the lattice size yields successive bifurcations leading to periodic and chaotic motion, as seen in the respective temporal series shown in Fig. 2 . In other words, space acts as a bifurcation parameter. Such spatial effect is clearly appreciated from Fig. 3 , where the bifurcation scenario for the Hassell map has been represented when : is made successively higher (Fig. 3a) and for CML counterparts of lattice size, respectively 4 x 4 (Fig.  3b) and 5 x 5 (Fig. 3c) The effect of the diffusion rate on the qualitative behaviour of the Hassell CML (6) is shown in Fig. 6 . A bifurcation diagram of model 6 has been represented for a lattice size of 5 x 5 when diffusion increases from 0 to 0 055. Note that when diffusion is 0, the lattice points are uncoupled and there is no spatial effect. In this situation we can see that for the present parameter combination, there is steady state. As D is progressively enlarged, there is a well-defined bifurcation scenario in which chaos beyond a characteristic D-value is reached. This is a good example of diffusion-induced chaos because, as noted above, this parameter set (A,/3) corresponds to a stationary dynamic for the uncoupled model (1). This result is in agreement with the finding by Vance (1984) that dispersal can cause oscillations in previously stable systems.
Discussion
The main result achieved in this paper is that space has a key effect in controlling the dynamics of the populations that diffuse into it. As has been shown, the larger the lattice size, the more unstable the motion. However, since we have now been considering local dynamics, i.e. that corresponding to a lattice point, the question now is: Will we detect such an effect from field studies? As the bulk of the data record involves population census over a given area, they would be closer to global dynamics than local ones. Thus, we will now consider the effect of enlarging the space with regard to the global motion, i.e. the motion in which we consider every time-step the sum of individuals in all the spatial points. (1977) . The theoretical results presented in this paper are in total agreement and provide an explanatory physical mechanism for such observations. In this way, the evidence of spatially induced bifurations gives us a theoretical framework from which we can characterize some field trends in population changes, helping us to focus attention on the role of space in the dynamics, stability and persistence of populations.
